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Abstract

Background: Cervical cancer is a major public health problem for women. Accurate staging may lead to proper
management of cervical cancer. We retrospectively reviewed all patients with cervical cancer who underwent pre-
treatment MRI between January 2009 and December 2018 and analyzed the correlation between the clinical
staging and MRI staging.

Results: Correlation of overall clinical and MRI staging by percent agreement is moderate (73.9%), but the kappa
coefficient showed a slight correlation. The correlation of clinical and MRI findings in the vaginal invasion, pelvic
sidewall invasion, adjacent pelvic organ invasion, and spreading to distant organ also showed moderate-to-strong
correlation by percent agreement (ranging from 67.6 to 91.9%) but slight correlation between clinical and MRI
examinations by kappa or weighted kappa coefficient (K = 0.000–0.128w).

Conclusion: In patients with cervical cancer, pretreatment MRI provides higher spatial soft tissue resolution which
can define pelvic tumor extent, including a more accurate assessment of tumor size (due to multiplanar evaluation),
parametrial invasion, pelvic sidewall invasion, and adjacent pelvic organ invasion. This could potentially lead to a
reduction in staging morbidity by invasive investigation such as cystoscopy and proctoscopy.
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Background
According to the GLOBOCAN publication in 2020, cer-
vical cancer is ranked as the fifth most common female
cancer (16.4 per 100,000), or the third most common in
Thailand with the estimated number of approximately
9158 (9.4% of all female cancer patients) [1].
The treatment of choice for cervical cancer is divided

into two main strategies depending on the clinical staging
based on the International Federation of Gynecology and
Obstetrics (FIGO) classification system [2].

1) Radical surgery (including trachelectomy or radical
hysterectomy) for early-stage disease (FIGO stage
IA, IB1, and IIA)

2) Primary radiotherapy with concurrent
chemotherapy for patients with bulky tumor (FIGO
stage IB2/IIA2) or locally advanced disease (FIGO
stage IIB or greater)

The FIGO staging is determined by pelvic examin-
ation, bladder cystoscopy, proctoscopy, and colposcopy
in combination with imaging (including chest and skel-
etal radiography, intravenous pyelography, and barium
enema). However, staging according to the old system
(i.e., FIGO cervical cancer staging systems from 1999,
2009, and 2014) was inaccurate, with 20–40% of stages
IB–IIIB cancer being under-staged and up to 64% of
stage IIIB cancer being over-staged [3]. Clinical assess-
ment based on the old FIGO system also has limitations
to evaluate the actual tumor size, adjacent organ involve-
ment, and lymphadenopathy [4].
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Magnetic resonance imaging (MRI) is a non-invasive
investigation that can provide a more accurate estima-
tion of tumor size, parametrial and pelvic sidewall inva-
sion, as well as pelvic and abdominal lymphadenopathy
which are all important deterministic for the accurate
staging of cervical cancer for prognosis and treatment
planning. Furthermore, the use of MRI can avoid using
unnecessary invasive investigations such as cystoscopy,
proctoscopy, and intravenous pyelography [4].
This study is, therefore, aimed to compare and analyze

the correlation between clinical and MRI findings and
staging of cervical cancer.

Methods
Study design and population
This retrospective study included 37 patients with histo-
logically confirmed cervical cancer in the gynecology
tumor clinic. The ages of patients ranged from 33 to 74
years old, and all of them underwent assessment of clin-
ical staging according to the FIGO guideline and pre-
treatment MRI for lower abdomen in our institute from
January 2009 to December 2018. This study was ap-
proved by the Ethics Committee for Human Research
based on the Declaration of Helsinki and the ICH Good
Clinical Practice Guidelines.

Inclusion criteria
All patients with histological confirmation of cervical
cancer in the gynecology tumor clinic, from January
2009 to December 2018 and underwent pretreatment
MRI in our institute.

Exclusion criteria
1. Patient with cervical cancer without pretreatment
MRI evaluation.
2. The patient underwent previous cervical cancer treat-
ment such as previous surgery (except for tissue diagno-
sis), previous chemotherapy, or radiation.

Clinical staging
The clinical FIGO staging information (based on both
2009 and 2018 versions of FIGO staging) of the cervical
cancer patients are retrospectively retrieved from the
medical records in the Gynecology Tumor Clinic by 1 on-
cology gynecologist and 1 radiation oncologist who has
more than 5 years of experience. The patients with clinical
FIGO staging based on 2009 FIGO were restaged accord-
ing to 2018 FIGO to standardize the clinical staging.
We recorded general information of the patients such

as age at diagnosis of cervical cancer, underlying dis-
eases, and histological type.
Clinical staging assessments followed the 2018 FIGO

guideline with diagnostic biopsy; pelvic examination;
chest radiography; proctoscopy; bladder cystoscopy;

intravenous pyelography; or kidney, ureter, and bladder
ultrasound. The records include tumor size, vaginal wall
invasion, parametrial invasion, pelvic sidewall invasion,
hydronephrosis or nonfunctioning kidney, adjacent
organ involvement (bladder or rectum invasion), and
distant organ metastasis.

Pretreatment MRI staging
We retrospectively performed data collection of the cer-
vical cancer patients with pretreatment MRI (from Janu-
ary 2009 to December 2018). The MRI examination
records were read in consensus by two radiologists with
more than 5 years of experience in female pelvic im-
aging. The radiologists were aware of the biopsy-proven
diagnosis of cervical cancer but were blinded to the
patient's identity, the results of physical examination,
and clinical staging. The following findings were re-
corded by radiologists [4, 5].

– Tumor size (in the longest dimension)
– Vaginal wall invasion (disruption of low-signal inten-

sity vaginal wall) as shown in Fig. 1
– Parametrial invasion (disruption of the low-intensity

cervical stromal rim, nodularity of parametrial and/
or tumor extending to parametrium) as shown in
Fig. 2

– Pelvic sidewall invasion (extension of tumor within 2
mm of pelvic sidewall, or involvement of internal
obturator, piriformis or levator ani muscles with or
without dilated ureter) as shown in Fig. 3

– Hydroureter and hydronephrosis
***Hydronephrosis is recorded from additional upper
abdominal CT or bladder ultrasound because the
small field of view (FOV) of lower abdominal MRI
does not include adequate FOV of both kidneys***

– Lymphadenopathy is based on morphology such as
indistinct margin, heterogeneous enhancement or round
shape and/or > 0.8 cm in short-axis size (Fig. 4).

– Adjacent pelvic organ involvement; bladder/bowel
wall involvement (Fig. 5), tumor infiltration into
bladder/bowel wall mucosa (Fig. 6)

– Distant organ metastasis (interpreted by distant
organ involvement such as visible metastasis to bone
in the pelvic region, ovary, urethra, or vaginal labia
or interpreted by pulmonary metastasis in chest
radiography)

The final MRI staging was made based on the 2018
FIGO guideline.

Statistical analysis
The correlation between clinical and MRI stagings was
demonstrated using the Kappa coefficient and weighted
Kappa with percent agreement.
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Correlation of tumor sizes between clinical and MRI
stagings was analyzed using interclass correlation
coefficient.
This study was approved by the Institution Ethics

Committee for Human Research based on the Declar-
ation of Helsinki and the ICH Good Clinical Practice
Guidelines.

Results
The median age was 54.1 ± 9.6 years. All cervical can-
cers (37, 100%) were squamous cell carcinoma, and large
cell non-keratinizing type was the most common histo-
logical type (17, 46.0%) (Table 1). All patients were clin-
ically staged as IIIB, while MRI staging showed multiple
stages as follows: 4 patients (10.8%) of stage IIB, 1

patient (2.7%) of stage IIIA, 4 patients (10.8%) of stage
IIIB, 18 patients (48.7 %) of stage IIIC1, 2 patients (5.4%)
of stage IIIC2, 5 patients (13.5%) of stage IVA, and 3 pa-
tients (8.1%) of stage IVB.
Overall clinical and MRI stagings showed a strong cor-

relation with 78.4% agreement. Clinical and MRI evalu-
ation showed the correlation in vaginal invasion (77.0%
agreement, K = 0.128w), pelvic sidewall invasion (67.6%
agreement, K = 0.098), adjacent pelvic organ invasion
(78.4% agreement, K = 0.000), and spreading to distant
organ (91.9% agreement, K = 0.000) (Table 2).
According to kappa coefficient, clinical and MRI

evaluation for hydronephrosis showed a statistically sig-
nificant substantial correlation (K = 0.749, P value <
0.001).
The interclass correlation coefficient for tumor sizes

determined by clinical and MRI evaluations showed

Fig. 1 T2W MRI showed disrupted hypointense vaginal wall (arrows) indicating vaginal invasion: A Sagittal view, B Axial view

Fig. 2 Axial T2W MRI showed irregular tumor signal extending to
parametrium (parametrial invasion) (arrow)

Fig. 3 Axial T2W MRI showed tumor involving right levator ani
muscles (pelvic side wall invasion) (arrow)
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moderate reliability (ICC 0.56, 95% CI: 0.0004–0.756, P
value 2.03).
Lymphadenopathy is evaluated only by MRI in 27

(73.0%) out of 37 patients. There are 21 patients (56.8%)
with pelvic lymphadenopathy and 6 patients with para-
aortic lymphadenopathy (16.2%). Three patients have
both pelvic and para-aortic lymphadenopathy.
The number and percentage of vaginal invasion, para-

metrial invasion, pelvic sidewall invasion, hydronephro-
sis, adjacent organ invasion, and distant organ metastasis
are summarized in Table 3.

Discussion
Although the correlation between overall clinical and
MRI stagings by percent agreement in this study was
moderate (73.9%), the kappa coefficient (K = 0.000)
showed a slight correlation. This might be due in part to
the small sample size in this study. The previous study
by Dhoot et al. showed a higher accuracy of 89.3% by
MRI staging compared with 61.3% by clinical staging [4].

Another study by Ho et al. (1992) showed the overall ac-
curacy rate of MRI in staging of cervical cancer was
75%, much higher than 55% by clinical staging [6, 7].
Ozsarlak et al. demonstrated that the overall accuracy of
cervical cancer staging by clinical examination and by
MRI was 47 and 86%, respectively [8]. Shirazi et al.
showed 50% correlation between clinical and MRI stag-
ings in stage IIIB patients (which is the main population
in our study) [9]. According to the discrepancy between
clinical and MRI stagings from previous studies, the
slight correlation between clinical staging and MRI sta-
ging in cervical cancer in this study suggests the require-
ment of a large sample size study.
Other results such as vaginal invasion, pelvic sidewall

invasion, adjacent pelvic organ invasion, and spreading
to distant organs also showed moderate-to-strong cor-
relation between clinical and MRI examinations by per-
cent agreement (67.6 to 91.9%), although the correlation
between them was only slight by kappa or weighted
kappa coefficient (K = 0.000–0.128w). MRI sequences
with other imaging modalities were used in the staging
and follow the treatment of cervical cancer; i.e. relevant
anatomy (including normal MRI appearance of the cer-
vix, parametria, and pelvic ligaments), different stages of
cervical cancer with prognostic and therapeutic implica-
tions [10].
For the parametrial invasion, both clinical and MRI ex-

aminations detected parametrial invasion in all 37 cases
so that correlation analysis by both percent agreement
and kappa coefficient was meaningless. One study re-
ported that MRI has 74% and 93% sensitivity and specifi-
city, respectively, to detect parametrial invasion [11].
Another study showed MRI accuracy in demonstrating
parametrial involvement was 95%, with 73% sensitivity,
96% specificity, and 21–85% clinical staging accuracy
[12]. According to the literature review by Thomeer
et al. [13], MRI evaluation of parametrial invasion
showed 84% pooled sensitivity (95% CI 76–90) and 92%
pooled specificity (95% CI 90–95), whereas clinical
examination showed 40% pooled sensitivity (95% CI 25–
58) and 93% pooled specificity (95% CI 83–89).

Fig. 4 Lymphadenopathy (arrows). A Axial T2W MRI, B gadolinium-enhanced T1-fat suppression sequence

Fig. 5 T2W MRI sagittal view showed bladder invasion
demonstrated as disruption of normal hypointense urinary walls
without a mass protruding into the lumen (arrow)
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In this study, clinical and MRI evaluations for hydrone-
phrosis showed a statistically significant correlation by
kappa coefficient (K = 0.749, P value < 0.001). This may
be because clinical examination evaluated hydronephrosis
by intravenous pyelography. Our results corresponded
well with the study by Chung et al. in that all 18 patients
with hydronephrosis who were identified by intravenous
pyelography were also recognized by MRI or CT [14].

Advantages of pretreatment MRI
Clinical examination can define dimension in an axial
plane. Multiplanar MRI with higher spatial soft tissue
resolution can define pelvic tumor extent, including
more accurate assessment of tumor size, stromal inva-
sion depth, and parametrial invasion [15].
In this study, 8 patients (21.6%) had adjacent pelvic

organ invasion by MRI, although the clinical examination
cannot detect this finding. MRI has higher sensitivity to
detect bladder invasion by early detection of bladder wall
invasion, while clinical examination by cystoscopy needs
to visualize intravesical tumor extension. Furthermore, the
advantage of high spatial soft tissue resolution of MRI can
also provide early detection of other adjacent pelvic organ
invasions or distant organ metastases such as the rectum,
colon, ovaries, etc.. This could potentially reduce staging
costs and morbidity [16].

In our study, the pathological staging was not compared
with the clinical and MRI findings, which is a gold stand-
ard to show sensitivity or specificity of the tests, although
pathological staging can provide how accurate the staging
was by clinical and MRI examinations.
There is a selection bias of some certain staging (all

the cervical cancer patients in this study are locally ad-
vanced disease or advanced disease) of cervical cancer
because the patients who received pretreatment MRI in
our hospital are mostly locally advanced disease (FIGO
stage IIB or greater). Moreover, early staging patients
were assessed by clinical FIGO staging and underwent
surgical treatment, thus those patients were not evalu-
ated by MRI for pretreatment planning. Therefore, our
study has a small and insufficient number of patients to
show a solid conclusion about the correlation between
clinical and MRI stagings.
Also, because this study is a retrospective review, we

cannot standardize MRI protocol and time interval

Fig. 6 Rectal invasion (arrows). A Axial T2WI showed disruption of their normal hypointense walls without a mass protruding into the lumen. B
Axial gadolinium-enhanced T1-fat suppression sequences are helpful for confirming invasion

Table 1 Histology of patients’ cancer (SCCA squamous cell
carcinoma)

Histology Amount

SCCA 7 (18.92%)

SCCA (keratinizing) 8 (21.62%)

SCCA (large cell keratinizing) 1 (2.70%)

SCCA (large cell non-keratinizing) 3 (8.11%)

SCCA (non-keratinizing) 17 (45.95%)

Invasive SCCA (large cell non-keratinizing) 1 (2.70%)

Table 2 Correlation of clinical staging and MRI staging in
cervical cancer patients with pretreatment MRI (n = 37)

Agreement
(%)

Kappa
(95%CI)

Z (P
value)

1 Vaginal invasion 77.03 0.128w

(0.059,
0.259)

1.11
(0.133)

2 Parametrial invasion a - - -

3 Pelvic side wall invasion 67.57 0.098
(− 0.083,
0.278)

1.38
(0.084)

4 Hydronephrosis/
nonfunctioning kidney

91.89 0.749
(0.482,
1.000)

4.57 (<
0.001)*

5 Adjacent pelvic organ
invasion b

78.38 0.000 -

6 Spread to distant organs b 91.89 0.000 -

7 Overall staging b 73.87 0.000w -
aToo few rating categories; b not applicable; w weighted kappa statistic; *
statistically significant

Nawapun et al. Egyptian Journal of Radiology and Nuclear Medicine          (2021) 52:162 Page 5 of 7



between clinical staging and pretreatment MRI examin-
ation, which might result in inaccurate comparison be-
tween clinical and MRI stagings.
Clinical examination limit to evaluate pelvic/para-aortic

lymphadenopathy. Lymphadenopathy was evaluated by MRI
in only 27 (73.0%) out of 37 patients. Although the accuracy
of MR imaging was fairly high in the detection of pelvic node
metastasis from uterine cervical carcinoma, morphology and
short-axis size (such as only round-shaped lymph node with
less than 0.8 cm in short-axis size) of lymph nodes some-
times are equivocal to diagnose metastatic lymph node [17].
It should be aware that MRI will fail to detect metastasis in
normal-size lymph nodes [18].

Conclusion
In patients with cervical cancer, pretreatment MRI pro-
vides higher spatial soft tissue resolution which can de-
fine pelvic tumor extent, including a more accurate
assessment of tumor size (due to multiplanar evalu-
ation), parametrial invasion, pelvic sidewall invasion, and
adjacent pelvic organ invasion. This could potentially re-
duce staging morbidity by invasive investigation such as
cystoscopy and proctoscopy.
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